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Abstract 

Background: Several prospective studies liave been conducted to examine the reiationsliip between fruit juice intake and 
risk of incident type 2 diabetes, but results have been mixed. In the present study, we aimed to estimate the association 
between fruit juice intake and risk of type 2 diabetes. 

Methods: Pub^ed and Embase databases were searched up to December 2013. All prospective cohort studies of fruit juice 
intake with risk of type 2 diabetes were included. The pooled relative risks (RRs) with 95% confidence intervals (CIs) for 
highest vs. lowest category of fruit juice intake were estimated using a random-effects model. 

Results: IK total of four studies (191,686 participants, including 12,375 with type 2 diabetes) investigated the association 
between sugar-sweetened fruit juice and risk of incident type 2 diabetes, and four studies (137,663 participants and 4,906 
cases) investigated the association between 100% fruit juice and risk of incident type 2 diabetes. A higher intake of sugar- 
sweetened fruit juice was significantly associated with risk of type 2 diabetes (RR = 1 .28, 95%CI = 1 .04-1 .59, p = 0.02), while 
intake of 1 00% fruit juice was not associated with risk of developing type 2 diabetes (RR = 1 .03, 95% CI = 0.91 -1 .1 8, p = 0.62). 

Conclusions: Our findings support dietary recommendations to limit sugar-sweetened beverages, such as fruit juice with 
added sugar, to prevent the development of type 2 diabetes. 
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Introduction 

Type 2 diabetes, one of the main causes of morbidity and 
mortality, has significantly increased worldwide in recent years. 
Thus, it is important to identify modifiable factors to reduce the 
risk of developing type 2 diabetes. Although sugar-sweetened 
beverage (SSB) consumption decreased among youth and adults in 
the United States between 1999 and 2010 [1], an increased intake 
of these beverages was observed in Asians [2]. Since the 
consumption of SSBs has been associated with an increased risk 
of obesity [3] and type 2 diabetes [4], reduction of SSB intake 
should be a recommended strategy to promote optimal health. 
Fruit juice, different from SSBs, has been considered a healthier 
drink. However, to date, the findings of the association between 
fruit juice intake and risk of type 2 diabetes are mixed according to 
type of fruit juice [5-11]. Several prospective studies suggested 
that higher intake of sugar-sweetened fruit juice may increase the 
risk of developing type 2 diabetes [5,10], while others showed no 
significant association for 100% fruit juice [6,8,9]. 

To our knowledge, no meta-analysis has been published to 
accurately estimate the strength of the effects of type of fruit juice 
(sugar-sweetened or 100%) on incidence of type 2 diabetes. 



Although all four studies included in this meta-analysis showed no 
significant association between 100% fruit juice and risk of 
developing type 2 diabetes, there was a positive trend for three 
[6,8] of the four studies, and insufficient power may explain the 
non-significant study findings. Therefore, in this study, we 
conducted a systematic review and meta-analysis to address this 
issue. 

Materials and Methods 

Literature and search strategy 

The PRISMA checklist is available as Checklist SI. The Meta- 
analysis of Observational Studies in Epidemiology (MOOSE) 
guidelines were followed for the current study [12]. The literature 
databases including PubMed and Embase were searched. Search 
terms were "fruit juice" and "type 2 diabetes" or "T2DM". The 
reference lists of retrieved articles were also screened. The 
literature search was limited to the English language. If more 
than one article was published on the same cohort, only the study 
with the largest sample size was included. The literature search 
was updated on December 10, 2013. 
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Inclusion criteria and data extraction 

Studies included in the meta-analysis met the following 
inclusion criteria: (1) evaluation of the association between fruit 
juice intake and incidence of type 2 diabetes; (2) a prospective 
study design; and (3) covariate adjusted relative risks (RRs) or 
hazard ratios (HRs) with 95% confidence intervals (CIs) for highest 
vs. lowest category of fruit juice intake. The following information 
was extracted from each study: (1) name of the first author; (2) year 
of publication; (3) country of study; (4) number of incident cases 
and study population; (5) age distribution of the study population 
at baseline; (6) sex of the participants; (7) average duration of 
foUow-up; (8) the covariates included in the regression models; and 
(9) RRs or HRs with 95% CIs for highest vs. lowest category of 
fruit juice intake. Two investigators (SL and ZL) independently 
assessed the articles for compliance with the inclusion/exclusion 
criteria and resolved disagreements through discussion. 

The quality of each study was assessed by the Newcastie- 
Ottawa quality scale (NOS) [13], which is a validated scale for 
non-randomized studies in meta-analyses. This scale assigned a 
maximum of nine points for each study. Three broad perspectives 
were considered: the selection of the cohorts (4 points); the 
comparability of cohorts (2 points); and the ascertainment of the 
exposure and outcome of interest (3 points). 

Statistical analysis 

A random elfects model [14] was used to calculate pooled RRs 
with 95% CIs for highest vs. lowest category of fruit juice intake. 
Heterogeneity was assessed by the Q,test and the / statistic [15]. 
The significance for the Q_ test was defined as p<OAO. The / 
statistic represents the amount of total variation attributed to 
heterogeneity. Low, moderate, and high degrees of heterogeneity 
correspond to values of 25%, 50%, and 75%, respectively. 
Publication bias was assessed by Begg's test [16] and Egger's test 
[17] (/)<0.05 was considered statistically significant). Statistical 
analysis was conducted using STATA version 1 1 (StataCorp LP, 
College Station, TX, USA). 

Results 

Study characteristics 

Figure 1 shows the process of study selection for the meta- 
analyses. It should be noted that two dupKcate publications 
[18,19] and two publications [20,21] that combined fruit juices 
with other drinks were excluded. A total of 10 prospective studies 
from 7 publications were included in the meta-analysis of fruit 
juice intake and risk of developing type 2 diabetes [5-11]. In the 
publication by Eshak et al. [8], results were reported for each 
gender and were handled as two independent studies. In addition, 
the publication by Muraki et al. [10] contained three studies but 
provided pooled estimate based on them. The characteristics of 
the studies included in the meta-analyses are summarized in 
Table 1. Among all studies included in the meta-analysis, four 
studies examined sugar-sweetened fruit juice [5,10], four studies 
examined 100% fruit juice [6,8,9], and two studies did not specify 
the type of fruit juice [7,11]. Four studies were from the USA 
[6,10], three from Europe [5,9], and three from Asia [7,8]; and the 
duration of foUow-up ranged from 5.7 to 25 years. 

Meta-analysis of fruit juice intake and risk of developing 
type 2 diabetes 

A total of 375,261 participants, including 19,986 with incident 
type 2 diabetes, were included in the meta-analysis. The pooled 
results indicate that individuals with a higher intake of fruit juice 
had a greater risk of developing type 2 diabetes (RR=1.14, 
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Figure 1. Process of study selection. 
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95%CI= 1.03-1.27 p = O.Ol, Figure 2), witii modest evidence of 
between-study heterogeneity = 43.5"/(), p = 0.09). 

To determine if the risk of developing type 2 diabetes was 
different for fruit juice with added sugar than for 100% fruit juice, 
subgroup analyses were conducted stratified for sugar-sweetened 
fruit juice and 100% fruit juice. Four studies (191,686 participants, 
including 12,375 with type 2 diabetes) investigated the association 
between sugar-sweetened fruit juice and risk of developing type 2 
diabetes, and four studies (137,663 participants and 4,906 cases) 
investigated the association between 100% fruit juice and risk of 
type 2 diabetes. Notably, higher intake of sugar-sweetened fruit 
juice was significantly associated with greater risk of incident type 
2 diabetes (RR= 1.28, 95%CI = 1.04-1.59, jft = 0.02, / = 43.3%, 
p — 0. 184, Figure 2), while there was no association between intake 
of 100% fruit juice and risk of incident type 2 diabetes (RR = 1.03, 
95%CI = 0.91-1.18,i!) = 0.62, / = 6.2%, ^ = 0.362, Figure 2). 

Since the publication by Muraki et al. [10] did not provide the 
study-specific result for each of the three studies included in their 
meta-analysis, we were unable to assess the effects of the other 
characteristics of the participants in these studies, such as age, 
gender, origin of country, follow-up time, whether or not BMI was 
adjusted for the association between sugar-sweetened fruit juice 
and type 2 diabetes. But we did assess those variables for the other 
four studies for the association bet\\x'cn lOO'Ki fruit juice and 
incident t\rpe 2 diabetes. As the age of the study population and 
foll(n\-u]) time were similar between these four studies, we only 
assessed the effects of gender, origin of country, and whether or 
not BMI was adjusted. The results remained non-significant for 
100% fruit juice in both sexes (men: RR= 1.17, 95%CI = 0.69- 
1.99; women: RR= 1.02, 95%CI = 0.90-1. 16), in each country 
(USA: RR=1.11, 95%CI = 0.92-1.34; Japan: RR=1.26, 
95%CI = 0.86-1.85; France: RR = 0.93, 95%CI = 0.78-1.10), 
and in both models with or without adjustment for BMI (without 
adjustment for BML RR = 1.11, 95%CI = 0.92-1.34; adjusted for 
BML RR==0.98, 95%CI = 0.84-1.15). 
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Potential publication bias 

No publication bias was detected (/) = 
p = Q.ll for Egger's test; Figure 3). 

Discussion 



0.71 for Begg's test and 



In the present study, we first performed a systematic meta- 
analysis to investigate the association between fruit juice intake 
and risk of incident type 2 diabetes. Results from our meta-analysis 
suggested that a greater intake of fruit juice was associated with a 
14% higher risk of incident type 2 diabetes. However, in subgroup 
analyses, only sugar-sweetened fruit juice intake was associated 
with an increased risk of developing type 2 diabetes while 100% 
fruit juice had no effect. 

Two previous meta-analyses showed no association between 
higher intake of whole fruit and incident type 2 diabetes [22,23]. 
However, one recent publication including three large-scale 
prospective studies showed that a higher intake of whole fruit 
decreased risk of type 2 diabetes (&3 servings/day vs.<4 servings/ 
week: RR = 0.88, 95%CI = 0.81-0.96) [10]. An updated meta- 
analysis is warranted to clarify these inconsistent results. 

In the Nurses' Health Study II, fruit punch, a sugar-sweetened 
fruit drink but different from fruit juice, was associated with a 
greater risk of incident type 2 diabetes [18]. Indeed, higher 
consumption of SSBs, including soft drinks, fruit drinks, iced tea, 
and energy and vitamin water drinks, was associated with 
development of type 2 diabetes in a previous meta-analysis [4] . 
Just recently, the relation between fruit juice intake and type 2 
diabetes has received more attention. Based on our findings, sugar- 
sweetened fruit juice had a similar deleterious metabolic action as 
SSBs in the development of type 2 diabetes. First, the beneficial 
components of whole fruit, such as naturally occurring soluble 
fiber, vitamins, minerals and phytochemicals, might have been 
destroyed or diminished in processing. Second, the high glycemic 
load of added sugars in beverages may increase the risk of 
developing type 2 diabetes [24]. In addition, liquid calories may 
result in more rapid and larger changes in serum levels of glucose 
and insulin than whole fruit [10]. 

A previous systematic review reported no association between 
100% fruit juice intake and risk of obesity in children and 
adolescents [25]. This finding is consistent with ours that 100% 
fruit juice had no effect on the risk of developing type 2 diabetes. 
The mechanism underlying this association is unclear but two 
points might explain the finding. First, for sugar-sweetened fruit 
juice, the healthy components of whole fruit may be destroyed 
during the processing stage; second, the naturally occurring sugars 
in 100% fruit juice may have different metabolic effects than 
added sugars [6,18]. 

Our study has several strengths, including the prospective study 
design, large sample size, long follow-up duration, and relatively 
precise RRs (95%CIs) adjusted for potential confounders in the 
studies included in the current meta-analysis. However, several 
limitations should be considered. First, only several publications 
were included in the present meta-analysis. However, the total 
sample size for both sugar-sweetened fruit juice and 100% fruit 
juice subgroups was relatively large. Second, although most known 
confounding factors have been adjusted for, we cannot rule out the 
effect of residual confounding on the observed association. Third, 
all studies in the meta-analysis used fruit juice intake assessed at 
baseline; however, it is possible that individuals may have changed 
their intake of fruit juice during the follow-up period. However, 
the non-differential misclassification tends to attenuate the 
observed association towards the null. Fourth, we were unable 
to determine a dose-response association between fruit juice intake 
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Study 
ID 



RR (95% CI) 



% 

Weight 



Sweetened fruit juice 
Montonen,2007 

Muraki,2013 (containing three datasets) 
Subtotal (l-squared = 43.3%, p = 0.184) 

100% fruit juice 

Palmer,2008 

Eshak,2013(men) 

Eshak,2013(women) 

Fagherazzi,2013 

Subtotal (l-squared = 6.2%, p = 0.362) 

Unknown 
Odegaard,2010 
Mursu, 2013 

Subtotal (l-squared = 36.0%, p = 0.211) 



Overall (l-squared = 43.5%, p = 0.( 
NOTE: Weights are from random effects analysis 



T 

.422 




1.56(1.08,2.26) 6.31 
1.21 (1.13, 1.29) 30.24 
1.28(1.04, 1.59) 36.55 



1.11 (0.92, 1.35) 15.66 
1.17(0.69,2.00) 3.36 
1.37(0.79,2.37) 3.17 
0.93(0.78, 1.10) 17.55 
1.03(0.91, 1.18) 39.74 



1.24(1.01,1.53) 14.31 
0.99(0.74, 1.31) 9.40 
1.13(0.91, 1.41) 23.71 

1.14(1.03,1.27) 100.00 



2.37 



Figure 2. Relative risl< for incident type 2 diabetes for Kiigliest versus lowest intake of fruit juice (by type of juice). 

doi:1 0.1 371/journal.pone.0093471 .g002 



and incidence of type 2 diabetes since different units, e.g., 
kilogTam, milliliter, glass, drink or time, were used to quantify the 
amount of juice intake. In addition, although we performed the 
meta-analysis of high intake of fruit juice compared with low 
intake, the quantities of high and low intakes among the studies 

Begg's funnel plot with pseudo 95% confidence limits 



s.e. ot logor 

Figure 3. Funnel plot of the association between intake of fruit 
juice and incident type 2 diabetes. 

doi:1 0.1 371/journal.pone.0093471 .g003 



may be different. Finally, potential publication bias might 
influence our results even though Begg's and Egger's tests were 
not significant. 

In conclusion, the present meta-analysis showed that 100% fruit 
juice intake was not associated with the risk of developing type 2 
diabetes; but, a higher intake of sugar-sweetened fruit juice was 
associated with an increased the risk of incident type 2 diabetes. 
Our findings have important public health implications. Sugar- 
sweetened fruit juice is not a healthy choice to replace SSBs, and 
individuals should limit their intake of sugar-sweetened fruit juice 
[26] to prevent the development of type 2 diabetes. 
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